The transparent glasses of composition 40P 2 O 5 -20ZnO-(40-x)Na 2 O-xLi 2 O have been prepared using conventional melt quenching technique (where 0 ≤ x ≤ 25 Li 2 O mol. %). The amorphous nature of the prepared glass samples is confirmed by x-ray powder diffraction (XRD). By increasing the Li 2 O content, the density and oxygen packing density increase while the molar volume decreases which indicates that the structure is more compact. The differential thermal analysis (DTA) studies showes that 15 mol.% Li 2 O glass sample has the highest thermal stability and the glass transition temperature (T g ) decreases as the content of Li 2 O increases till 25 mol.% Li 2 O . The ac and dc electrical conductivities and dielectric constants of the prepared glass samples have been investigated. It is found that the dc conductivity increases with the concentration of Li 2 O mol.% and the temperature dependence of the dc conductivity at low temperature (303 -383 K) and at high temperature (403 -473 K) obey the Arrhenius law. The activation energies ΔE dc1 (at high temperatures) and ΔE dc2 (at low temperatures) were determined. The values of ζ dc can be obtained also from the impedance study at different temperatures and different concentrations using Cole-Cole plot. To determine the conduction mechanism, the ac conductivity and its frequency exponent (s) have been analyzed by correlated barrier hoping model (CBH). It is found that s has values between 0.89-0.996; consequently. The correlated barrier hopping (CBH) seems to be the most interesting model related to the obtained results. Real and imaginary parts of dielectric constant (ε' and ε'') have been found to decrease with increasing frequency and temperature and this result would be discussed by means of dielectric polarization mechanism of material. The maximum value of the maximum barrier height W m obtained from Guitini equation was found to increase with increasing of Li 2 O mol. %.
Introduction
Recently, the synthesis and the study properties of phosphate glasses have attracted much attention because of their potential technological applications. Phosphate glasses possess a series of interesting and unique physical properties better than other glasses such as transparency at room temperature, sufficient strength, hardness, excellent corrosion resistance, low melting and softening temperature, high thermal expansion, high electrical conductivity, low glass transition temperature, ultraviolet and far-infrared transition and other optical characteristics In literature we find that the dc and ac electrical conductivity of P 2 O 5 -ZnO -Na 2 O -Li 2 O glass system have not been studied extensively for this reason, the present work gives the preparation of 40P 2 O 5 -20ZnO-(40-x)Na 2 O-xLi 2 O glasses containing varying concentration of Li 2 O reaching to 25 mol.% and deals with the dc and ac electrical conductivity over a wide range of temperature and frequency to determine the possible conduction mechanisms and to determine the activation energy.
Experimental 2.1. Preparation of the glasses
The investigated glasses 40P 2 O 5 -20ZnO-(40-x)Na 2 O-xLi 2 O (0 ≤ x ≤ 25) were prepared by the conventional melt quenching technique using high purity analytical grade chemicals (NH 4 ) 2 HPO 4 , ZnO, Na 2 CO 3 and LiCl as the raw material. The appropriate quantity of these chemicals was weighted and mixed in agate mortar and were hand ground for about one hour. The weighted batches were heated in an electric furnace at 673K for 1/2 h in porcelain crucibles to release the ammonia then melted at 1273K for 1 h with intermediate stirring to achieve the homogeneity of the melt. So, samples of the desired shape were obtained by quenching the melt at 623K on a stainless steel mold for 2h to eliminate the mechanical and thermal stresses produced during casting and left to cool to room temperature. The 40P 2 O 5 -20ZnO-(40-x)Na 2 O-xLi 2 O glasses varied from 0 to 25 mol. % in steps of 5 mol. %.
The prepared glass samples were polished by silicon carbide water proof abrasive papers of various grades ranging between 320 and 1000 to achieve a good optical transparency samples.
X-ray Diffraction measurements (XRD)
The amorphous nature of synthesized glass samples was checked by PANalytical X'Pert PRO diffractometer using CuKα target of wavelength 1.5406 A o and scanning rate 2 ⁰/min. XRD patterns were recorded in 2θ range between 4 ⁰ and 80 ⁰.
Density measurements
The density (ρ) of the glass samples were determined at room temperature by the standard Archimedes principle using toluene as an immersion liquid ( = 0.86455 gm. /cm 3 ). The density was obtained from the relation,
Where, W a is the weight of the glass sample in air, W b is the weight of the glass sample when immersed in toluene. The relative error in these measurements was about 1 mg/cm 3 . Also, the molar volume (V M ) and the oxygen packing density (OPD) of the glass samples were calculated by using the molecular weight (M) and density (ρ) according to the following relations.
Where, n is the no. of oxygen atoms per formula unit. 
Density and molar volume
The values of density (ρ) and molar volume (V M ) of all the glass samples have been evaluated and their values are given in table 1. Density and oxygen packing density are found to increase with increasing the content of Li 2 O in all glasses. This behavior of density is due to the electron negativity of Zn + (1.65) is the most bigger than Na + (0.93) and Li + (0.98) which is responsible to compact the glass network. Also, the field strength of Li 2 O (0.21) attracts the oxygen ions more than Na 2 O (0.17), leading to an increase in the density 
Differential Thermal Analysis (DTA)
The differential thermal analysis (DTA) was investigated previously and the characteristic temperatures are tabulated in 
Electrical conductivity

dc electrical conductivity
The temperature dependence of dc electrical conductivity of the 40P The variation of ζ dc at room temperature and the activation energies ΔE dc1 and ΔE dc2 with the concentration of Li 2 O (mol. %) are represented in fig.3 . It is clear from fig.3 that ζ dc increases from 6.14x10 -6 to 1.33x10 -5 (Ω -1 .cm -1 ) with increasing of Li 2 O content. In order to explain this behavior one must note that these quaternary glasses were fabricated by adding different amount of Li 2 O to ternary zinc-sodium-phosphate glass. The sodium ions were gradually replaced by lithium ions because the amount of glass former P 2 O 5 was fixed at 40 mol.% and glass modifier ZnO was fixed at 20 mol.%. Such behavior is likely to arise due to structural changes occurring in phosphate network. The activation energies calculated from analysis of Ln ζ dc versus 1000 / T plots is found to decrease with increasing Li 2 O content to 15 mol. % and then a nearly constant trend with increasing Li 2 O content. 
ac electrical conductivity
The ac conductivity ζ ac can be described by eqn. 4. Where, ζ t is the total conductivity and ζ dc is the dc conductivity at zero frequency (w = 0). At very low frequency region ζ dc is independent of frequency and appears as a flat dc plateau in this region of frequency. The ac conductivity is approximately independent of the frequency at lower frequencies, but more frequency dependent in high frequency region. The ac conductivity follows the relation: ‫ـ‬ ‫ـ‬ 170 In this relation, the dc conductivity is taken to represent the ac conductivity at ω tends to zero. The ac conductivity has been analyzed used Almond-West type power law with single exponent [D. P. Almond et al. (1984) ].
ζ ac = A . ω s (5) Where A is a temperature dependent constant, ω = 2πf is the angular frequency and s is the frequency exponent which depend on temperature. Such a dependence on temperature determines the ac conduction mechanism and has been found to be material dependent.
Complex impedance analysis
Complex impedance is a powerful technique for the characterization of electrical properties of polycrystalline sample such as conductivity, dielectric behavior ….. etc. It may be used to explain the dynamics of mobile or bound charges in the grain or grain boundaries. The expression of real (Z') and imaginary (Z'') components of the impedance (Z) can be expressed by the following relationships:
Z' = Z cos Q
Z'' = Z sin Q (8) fig.5 Cole-Cole plots of Z' and Z'' for glass samples with different compositions of Li 2 O mol%. The impedance plots of all the samples were found to exhibit good single semicircle starting from the origin over the entire range of temperature and the composition studied. The absence of second semicircle in the complex impedance plots indicates that the glass samples have only grain effect to the conductivity mechanism at room temperature. Figures.4, 5 illustrated that the diameter of the semicircle decreasing and the intersection points of the semicircles shifted to lower Z' values with increasing temperature and with increasing Li 2 O content in glass samples which suggests that the value of grain resistance is decreasing and σ dc increasing with increasing temperatures and the value of grain resistance is decreasing to minimum.
To compare the obtained data of σ dc calculated from Cole-Cole and σ dc calculated from σ t versus frequency are listed in table 3. It is clear that σ dc (Cole-Cole) and σ dc (σ t Vs f) approximately have same values. 
T(k) σ dc (Cole-Cole) σ dc (σ t Vs f)
403 2.83 * 10 -5 3.136 * 10 -5 423 4.17 * 10 -5 4.190 * 10 -5 443 6.41 * 10 -5 6.706 * 10 -5 463 8.43 * 10 -5 8.524 * 10 -5 373 9.73 * 10 -5 9.708 * 10 -5 The values of the exponent s (eqn.5) were calculated from the slopes of these lines at different temperatures. The temperature dependence of s for all the prepared glass samples with different concentrations is shown in fig.7 in which s decreases with increasing temperature and the concentration of the modifier oxide (Li 2 O). Also it was found that for all the prepared glass samples s values are significantly lower than unity and lie between 0.89-0.996.
Frequency and temperature dependence of ac electrical conductivity
According to correlated barrier hopping (CBH) model values of s decrease with increasing temperatures, this is in good agreement with the obtained results, as shown in fig.7 Fig.8 shows the variation of Ln ζ ac with the reciprocal of temperature 1000 / T in the investigated temperature range at different frequencies for the 40P 2 O 5 -20ZnO-(40-x)Na 2 O-xLi 2 O glasses. This dependence of ac conductivity on temperature suggests that the ac conductivity is a thermally activated process. The value of the activation energies ΔE ac has been calculated from the slope of Ln ζ ac versus 1000 / T curves. Fig. 9 shows the variation of the activation energies ΔE ac with concentration of Li 2 O mol% at different frequencies. It is found that the activation energies ΔE ac decrease with increase of Li 2 O concentration and the plot is found to exhibit minimum at X = 5 mol% Li 2 O, also it is observed that the behavior of both ΔE dc and ΔE ac are almost the same, Such increase can be attributed to the contribution of the applied frequency to the conduction mechanism, which confirms the hopping conduction to be dominant mechanism . Fig.9 : The variation of ac activation energies ΔE dc and ΔE ac with the concentration of Li 2 O mol% at different frequencies.
3-4-2-3 Temperature and frequency dependence of dielectric constant ε' and ε''
The complex dielectric constant of the investigated samples is formulated with two parts, ε = ε' + i ε''; where ε' is the real part of dielectric constant and it is a measure of the energy, stored from the applied electric field in the material and identified the strength of alignment of dipoles in the dielectric. ε'' is the imaginary part of dielectric constant and it is the energy dissipated in the dielectric. ε' and ε'' were evaluated using the following relations:
Where C is the capacitance of the sample, ε o is the free space permittivity, L is the sample thickness and A is the area and tan δ is the dissipation factor. 
The power m of this equation was calculated from the negative slopes of the obtained straight lines of fig.12 at different temperatures. The variation of the obtained values of m with temperature for different concentration of Li 2 O is shown in fig.13 . The results show that m decreases with increasing temperature and to be nearly constant with increasing concentration ( 
Conclusion
Glasses of 40P 2 O 5 -20ZnO-(40-x)Na 2 O-xLi 2 O were prepared and analyzed. All the prepared glasses are amorphous in nature. The density and oxygen packing density of the glasses increased with increasing of Li 2 O content which indicates that the glass structure is more packed together. The differential thermal analysis data showed that the glass sample contains 15 mol. % Li 2 O has the highest thermal stability. The conductivity in these glasses is seen to be dominated by Li 2 O concentration and it is found to increase with increasing of the modifier Li 2 O concentration. The dc conductivity of these glasses obeys the Arrhenius law and the values of activation energies at low and high temperatures are calculated. The values of ζ dc calculated also from the impedance study. Conductivity mechanism for grain resistance at room temperature was discussed using Cole-Cole plot. The ac conductivity data of investigated glasses has been fitted to a single power law equation. The exponent s is found to decrease with increase of temperature and has values between 0.89 -0.996. Consequently the correlated barrier hopping (CBH) seems to be the most interesting model related to the obtained results. The real and imaginary parts of dielectric constant ε' and ε'' have been found to increase with increasing temperature which is normal in oxide glasses and decrease with increasing frequency which may be attributed to space charge polarization. 
